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Correlations between the spatial arrangement in a molecule and its electron impact (E l) induced mass spectral behaviour have been established on many occasions5. Although these data make a convincing case for the utilization of E l mass spectrometry in solving configurational problems, there are many instances in which differentiation of configurational isomers on the basis of E l spectra is difficult, if not impossible.
Studies on the chemical ionization (CI) behaviour of a,a>-dimethoxy-alkanes6, a,eo-diols7, a,co-diami n es8 and a,co-dicarboxylic acid esters9 have estab lished that the proton transfered to these molecules upon methane or isobutane CI can be coordinated between the two terminal functions in the quasimolecular ions. This effect of intramolecular co ordination has been used10 for configurational assignment in cyclic systems as it requires a configuration in which the two polar functions can capture the proton between them in a linear11 hydrogen bridge. From these few studies it follows that chemical ionization mass spectrometry may have great potential for the determination of the relative configuration of polar substituents in cyclic systems. This is especially so as stereochemical differences have the best chances to manifest R equests for reprints should be sent to Dr. C. C. V a n d e S a n d e , D epartm ent of Organic C hem istry, S tate U niversity of G ent, K rijgslaan, 271 (S . 4), B -9000 Gent, Belgium.
themselves at low ion internal energies12: proton transfer chemical ionization13-14 using methane or isobutane as a reagent gas, is a relatively soft ionization technique producing ions with substan tially lower average internal energy13 than under El conditions. Moreover, some control of the energy input is possible through the selection of the reagent gas13-14 and through the adequate use of tempera ture effects14-15, thus providing the necessary flexibility to cope with a variety of problems. Methane and/or isobutane chemical ionization should therefore be a very useful stereochemistry probe.
It is the purpose of the present communication to report a fewr illustrative examples. In all cases presented here, both the helium charge exchange (CE)16 and the isobutane chemical ionization spectra have been recorded, thus allowing an appreciation of the relative merits of CI to be made.
4-Methoxy cyclohexanecarboxylic acid ethyl esters ( l c, It)
In extension of earlier results10d on bifunctional cyclohexanes, the study of the epimeric 4-methoxycyclohexane carboxylic acid ethyl esters l c and I t 17 is of particular interest. These compounds differ from the methoxy substituted esters investigated earlier10* 1 (i) in that the substituents are in a 1,4-position (hence necessitating at least a six-membered ring), and (ii) in that the ethoxycarbonyl function of an additional 4-methyl group, as in 3C and 3t (see Fig. 3 ) results in enhanced decomposition for both isomers as is readily deduced from the data in Table I : compounds 3 consistently show a reduced quasi molecular ion abundance relative to the corresponding 2 isomer. This behaviour is the result of the 4-methyl group stabilizing the carbenium center produced upon loss of water (Scheme 7). The occurrence of subsequent elimination of an acetaldehyde neutral (m/e = 83) cannot be compared as the corresponding m/e = 69 fragment from com pounds 2 was not recorded (interference of reagent gas peaks).
Substituted cis-decalins
It has been reported22b that the three isomeric dimethylethers of as-decalin-2,7-diols yield virtially identical E l spectra. The absence of steric control in these compounds 28 has been rationalized by the observation that of the three possible isomers 4a, 4b and 4C, there is only one (4a) wrhere the two functionalities can approach each other sufficiently for interaction to occur: unfortunately this is only achieved in a conformation (a) having one of the rings in a boat conformation (Scheme 8). Apparently the very short ion source residence times of the C. C. Van 
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olecular ions (10_6sec) keep the fraction of the molecular ions passing through conformation a very low and thus limit the probability for functional group interaction. As a result no measurable effect o f such interaction is found in the E l spectrum of 4a.
From an analysis of models it was felt that isobutane chemical ionization mass spectrometry could resolve the spectral ambiguity found in E l spectra. As can be seen in Fig. 4 the spectra of the three isomers permit unequivocal differentiation in mixtures analyzed by GC-MS. Of the three isomers 4a is the only one yielding an abundant quasi molecular io n : obviously proton bridging does occur, the additional stabilization thus provided apparently being sufficient to overcome the strain incurred by the necessary boat conformation of one ring (Scheme 9). In the quasi molecular ions of 4b and 4C no such stabilization is possible as there is no way the two functionalities can capture a proton between them. As a result these quasi molecular ions are much more prone to undergo the loss of methanol also observed in monofunctional ethers 30, and have all undergone decomposition prior to mass analysis. Differentiation of 4b and 4C is however 
